Increased osteogenic differentiation of periodontal ligament stem cells on polydopamine film occurs via activation of integrin and PI3K signaling pathways.
Mussel-inspired polydopamine (PDA) is known to be an effective bioadhesive and bioactive material for controlling stem cell fate, which is important in stem cell-based regenerative medicine; however, the effect of PDA on osteogenic differentiation of periodontal ligament stem cells (PDLSCs) is not fully understood. In this study, we investigated the osteoinductive effect of PDA on PDLSCs and examined how this phenomenon is encouraged. Osteogenic induction of PDLSCs was established by culturing cells on PDA film or on an uncoated polystyrene surface as a control. Osteogenic differentiation of PDLSCs was assessed by measurement of intracellular calcium levels and alkaline phosphatase (ALP) activity as well as by evaluation of protein expression of osteocalcin (OCN), osterix (OSX), and runt-related transcription factor 2 (RUNX2). The PDLSCs cultured on PDA film showed higher osteogenic activity than those on the control surface. Moreover, PDLSCs on PDA film expressed increased levels of the integrin adhesion receptors integrin α5 and β1 compared to control cells. Expression of one isoform of the intracellular signaling protein phosphatidylinositol-3-kinase (PI3K), p110γ, was increased in PDLSCs on PDA film in a PDA dose-dependent manner. This signaling protein was found to interact with integrin β1, demonstrating integrin-linked PI3K activation in response to PDA. Finally, the blockage of PI3K reduced the PDA-induced osteogenic activity of PDLSCs. our findings suggest that the bioadhesive PDA stimulates osteogenic differentiation of PDLSCs via activation of the integrin α5/β1 and PI3K signaling pathways.